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[0003] A conventional liquid crystal display device will be hereafter described with 
reference to the drawings. Fig. 2 shows a structure of a liquid crystal display device. 
Reference numeral 1 1 denotes a liquid crystal display panel for displaying characters 
or figures, and reference numeral 12 denotes fluorescent tubes that emit fluorescence 
upon receiving the supply of a high-frequency current from an inverter 13. Reference 
numeral 14 denotes a reflective plate that reflects light emitted from the fluorescent 
tubes 12 so as to direct the light in the direction of the liquid crystal display panel 11. 
Reference numerals 15 and 16 denote a lighting curtain and a diffuser, respectively, 
both of which have a function of diffusing the light and making it uniform. A surface 
light source 17 is composed of a combination of these fluorescent tubes 12, inverter 13, 
reflective plate 14, lighting curtain 15, and diffuser 16. Light emitted from the 
surface light source 17 is a uniform beam of light, and the light is emitted to the back 
surface of the liquid crystal display panel 11. 

[0004] Next, an operation for lighting a surface light source structured in this way will 
be described. Fig. 3 shows an inverter circuit for lighting the fluorescent tubes 12 
(RLi, RL2, and RL3). In this example, three inverters IV 1, IV2, and IV3 are combined 
in a parallel with respect to the three fluorescent tubes RLi, RL 2 , and RL3. When a 
power supply Vi is activated, one of the two bipolar transistors in each of the three 
inverters is turned on; that is, three bipolar transistors in total, Ql or Q2, Q3 or Q4, 
and Q5 or Q6, are turned on. The bipolar transistors to be turned on depend on 
variations in parts. Since the three inverters IVi, IV 2 , and IV3 are structured and 
operated in exactly the same way, the inverter IVi will be described in the following. 
[0005] In the inverter rVi, when the bipolar transistor (hereafter simply referred to as a 
"transistor") Ql is turned on, in response, a resonance is caused due to a primary 
winding, a secondary winding, a base winding Lbi of a transformer Tl, and a 
primary-side capacitor Ci, and an output capacitor C01, whereby a resonance voltage is 
generated across each of the windings. When the resonance voltage fluctuates and 
the polarity of the voltage across the base winding Lbi is inverted, simultaneously, the 
transistor Ql is turned off and the transistor Q2 is turned on. Subsequently, the 
inverter is operated in the same way in the case of the opposite polarity. When the 
polarity of the voltage across the base winding Lbi is inverted again, the transistor Q2 
is turned off and the transistor Ql is turned on. By repeating this operation, the 
fluorescent tube RLi that is an output load on the secondary side is continued to be lit. 
The inverters IV 2 and IV 3 are operated in exactly the same way. 
[0006] (Problems to be Solved by the Invention) However, in accordance with the 
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above conventional circuitry, since which one of the two transistors in each of the three 
inverters IVi, IV 2 , and IV 3 that is first turned on is not fixed, phase inversion may be 
caused between the high-voltage sides of the secondary windings of the individual 
transformers Ti, T 2 , and T 3 (hereafter, "between the secondary-side outputs). In cases 
in which such phase inversion is caused, the maximum voltage difference between the 
secondary-side outputs becomes twice an amplitude voltage of the secondary-side 
output. Thus, since insulation to withstand high voltages becomes necessary, such 
conventional circuitry is problematic in that the material cost and weight are increased. 
[0007] The present invention solves the problems associated with the above 
conventional technology, and it is an object of the present invention to provide a 
lighting apparatus for a lightweight liquid crystal display device at low cost by using a 
material of a withstand voltage that corresponds to the amplitude of an inverter output 
voltage. 

[0008] (Means of Solving the Problems) In order to achieve the above object, the 
lighting apparatus of the present invention includes a surface light source arranged 
behind a liquid crystal display panel that displays images upon receiving signals. The 
surface light source is composed of two or more fluorescent tubes, inverters that are 
individually installed for the fluorescent tubes and that are sources supplying 
high-frequency currents for lighting the fluorescent tubes, and circuits for making the 
phases of the individual inverter output signals in phase with each other. 
[0009] Further, it is structured such that an output from each of the inverters is 
controlled by bipolar transistors, the transformer of each of the inverters is provided 
with a base winding, and the two bipolar transistors are alternately turned on/off 
repeatedly due to the polarity inversion of the base winding. 

[00 10] (Operation) Based on the above structure, since the phases of the inverter 
outputs are synchronized, and a maximum difference in potential is the difference 
between a maximum output voltage of the inverter and a ground voltage of the circuit, 
it is possible to make a lighting apparatus using a material that assures a withstand 
voltage corresponding to the amplitude of an inverter output voltage. Thus, a 
lightweight lighting apparatus can be obtained at low cost. 

[0011] (Embodiment) An embodiment will be hereafter described in detail with 
reference to the drawings. Fig. 1 shows inverter circuits for lighting fluorescent tubes 
RLi, RL2, and RL3 according to an embodiment of the present invention. Portions 
identical to those of the convention example in Fig. 3 are denoted by the identical 
reference characters. The structure of a liquid crystal display device in the 
embodiment is the same as that of the liquid crystal display device shown in Fig. 2, and 
a matrix liquid crystal display system (TFT system) using thin-film transistors, a 



2 



simple matrix liquid crystal display system (STN system), or the like is used for an 
liquid crystal display panel 11. 

[0012] In the circuit in Fig. 1, three inverters IVj, IV 2 , and IV 3 are connected in 
parallel, and these three inverters IVi, IV 2 , and IV 3 share a base winding L b i and a 
resistor Rj of the inverter IVi. 

[0013] Based on the above structure, upon power activation and every inversion of a 
voltage polarity of the base winding L b i due to a resonance voltage, one set of bipolar 
transistors Qi, Q3, and Q5 of the three inverters IV], IV2, and IV3 is always 
simultaneously turned on or off, and the other set of bipolar transistors Q 2 , Q4, and Q6 
is also always tuned off or on simultaneously. Thus, the phases of the three outputs 
from the secondary sides become the same, and a maximum potential difference 
generated in this circuit is a potential between a secondary maximum output voltage 
and the ground of the circuit. 

[0014] Thus, since the phases of the output signals of the individual inverters IVi, IV 2 , 
and IV3 can be made identical to one another, it is possible to nearly totally eliminate 
electric potential differences, which are the outputs from the inverters, between 
individual high-voltage leads, and it is also possible to design the dielectric strength 
voltage of insulating material used for covering lead wires or the like from the 
viewpoint of the amplitude of the output voltage. 

[0015] While the embodiment shows a case in which three inverters are used, a similar 
operation and effect can be obtained by connecting two or more inverters in parallel 
that utilize one base winding. 

[0016] Further, while each of the base windings Lb 2 and Lb 3 is illustrated in an open 
state in the embodiment, it is needless to say that a similar operation and effect can be 
obtained without such base windings. 
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